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1 1T73 3? I GAT I OIT  Or  AIR  FLOtf  III  RIGHT -AUC-LE  3L30US 
III  A  R3CTAITGUIAR  DUCT 

By  Charles  K.  McLellan  end  Writer  A.  Bartlett,  Jr. 

IITTItODU  CTIC1T 


The  increased  complexity  of  modern  airplane-engine  in¬ 
stallations,  with  extensive  use  of  duct  systems,  has  grea.t- 
ly  increased  the  importance  of  well-designed  bonds  in  ducts 
The  improper  functioning  of  a,ircraft  carburetors,  for  in¬ 
stance,  has  been  blared  in  many  cases  on  the  poor  ducting 
of  air  before  it  reaches  the  carburetor.  Among  the  major 
faults  found  in  the  ducting  systems  is  the  improper  design 
of  elbows  just  before  the  carburetor. 

The  original  nurposo  of  this  investigation  was  to  ob¬ 
tain  an  elbow  shape  for  ure  in  airplane  carburetor  air  in¬ 
take  ducts,  which  hue  low  losses  one  good  velocity  distri¬ 
bution  without  the  use  o f  turning  var.es.  This  investiga¬ 
tion  was  not  intended  to  be  a  ccmnloto  study  of  duct  elbows 
as  its  scope  is  limited  to  olbows  of  proportions  which  wore 
considered  to  be  moot-  practical. 


APPARATUS  A1ID  I!2T“cD 


The  tests  wore  conducted  using  a  roctangulnr  duct 
having  a  width.,  w,  2.57  times  as  great  as  the  depth,  d, 
and  having  the  elbow  in  a  horizontal  plane.  This  ratio, 
w/d,  which  will  bo  called  the  aspect  ratio  of  the  duct, 
was  chosen  since  it  is  applicable  to  the  carburetor  for  a 
modern  airplane  engine.  Other  proportions,  w’ ich  are 
shown  in  figure  1,  were  chosen  as  likely  proportions  in 
engine  installations, 

Tho  tests  were  made  at  a  Reynolds  number  of  about 
200,000,  basod  on  the  depth  of  the  duct,  which  wa3  2,625 
inches.  An  entrance  length  of  about  nine  times  the  duct 
depth  was  used  to  build  up  a  boundary  layer  approximating 
conditions  in  an  actual  installation. 

Tho  air  was  drawn  through  the  dxrct  by  a  blower  nounted 
in  the  rear  of  the  entrance  tube  and  elbow.  This  nllowod 


tho  ontranco  tube  n?.one  to  determine  the  typo  of  flow  and 
amount  of  boundary  lay or. 

A  rake  measured  tho  static  and.  total  pressure  distri¬ 
bution  across  the  depth  of  the  duct  back  of  the  elbow. 

Tho  location  of  the  rake  v; as  chosen  at  2.98d  back 
of  the  center  lino  of  the  entrance  ducts  cn  all  entrances 
enoept  K  and  L.  (Seo  fig.  1.)  This  location  was  con¬ 
sidered  to  be  a  practical  loca.tion  fron  the  standpoint  cf 
actual  duct  installations,,  i'oving  the  rake  either  forward 
or  backward  would,  of  course,  change  the  measured  pressure 
drop  and  the  velocity  distribution. 

Behind  tho  rake  tho  tube  was  continued  for  a  dista.nco 
cf  twice  tho  depth  before  the  a.ir  was  discharged  into  a 
largo  tube  in  tho  blower.  The  length  of  this  tube  was  suf¬ 
ficient  to  assure  tho  complete  turning  cf  tho  air.  An  c::- 
tromcly  short  tube  following  the  bond  would  have  allowed 
the  air  to  leave  the  tube  box  ore  tho  air  was  completely 
turned . 

Tho  two  char.uetcri sties  of  the  elbows  which  were  con¬ 
sidered  to  bn  important  wero  tho  amount  of  flew  for  a  given 
pressure  drop  and  the  velocity  distribution  across  tho  duct 
after  the  bond. 


RESULTS  A  D  DISCUSSI01T 

Tho  rosults  .arc  presented  in  tho  following  nondimen- 
oicnal  units: 


x/d  dictanco  from  inner  wall  in  terms  of  duct 

depth  .at  rako  section 

p  mans  density  of  air 


I/-326 
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and  the  following  dimensional  units: 

PQ  -  Pa  static-presruro  drop  in  "both  entrance  duct 
and  cl how 

H0  -  Ha  total-pressure  drop 

whore 

Q,  quantity  of  air,  cubic  feet  per  second 

k  crotf-s actional  area  of  duct  at  rake 

PQ  froc-rir  static  prosrure,  inches  of  alcohol 

Fa  averago  static  pressv.ro  at  rake,  inches  of 
alcohol 

Px  average  static  pressure  at  tho  beginning  of 
the  bond,  pounds  per  square  foot 

p„  average  static  pressuro  at  rake,  pounds  per 
rqun.ro  foot 

V2  1  velocity  at  any  point  across  stream  at  ral:o 

V2  avorago  velocity  at  rako  section 

“q  average  dynamic  hoad  bo  fore  the  bond,  pounds 
per  squaro  foot 

qj  dynamic  head  at  any  point  across  the  stream 
at  tho  rako,  pounds  per  squaro  foot 

q2  average  dynamic  hoad  at  tho  rake  section, 
pounds  por  ccuara  foot 

H0  free-air  total  pros  euro 

Ha  total  pressure  at  any  point  across  rako  soction 
:c  distanco  from  inner  wall  at  rako  section 
d  depth  of  duct  at  rake  soction 

The  flow  cooffi clout ,  which  was  dovisod  to  show  tho 
off cctivonoos  of  the  elbow,  in  the  ratio  cf  the  quantity  of 
flow  through  the  actual  turn  to  tho  quantity  of  flow  through 
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an  idea  1  duct  with  t!.e  sane  static-pressure  drop,  the  ideal 
duct  being  one  in  which  nil  f  e  static  pressure  is  convert- 
ed  into  velocity  head.  She  str.ti c-pre s sur e  drop  in  the  ac¬ 
tual  elbow  was  cor.3i0 orod  as  being  tl.o  drop  luo  to  lossos 
in  the  bond  pluo  tho  drop  duo  to  the  velocity  head.  Whon 
the  lossos  through  t2.e  olhow  arc  aoro,  the  flow  coofficiont 
is  unity.  If  tl.o  effectiveness  of  tho  duct  wore  to  ho  be.sod 
on  t’:o  totr.l-nrcesuro  loos,  unsatisfactory  rosv.lts  would  ho 
ohtninod,  as  tho  lose  of  prosauro  is  aluost  negligible  and 
root  of  the  reduction  in  o_uantity  is  duo  to  uneven  velocity 
distribution  rathor  than  total-pros  euro  losses. 

Tho  values  c?  the  fdov  coofficiont  Fc  for  the  various 
ducts  are  pro  sent  od  in  tl.o  following  tables 


rri  •  TO  T  *■?  T 


21b  ow 

1  deal 
elbow 

j 

1 
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0,830 

0.898 

j  0.881 

Elbow 

::  i 

I 

j  ;  - 

1  L 

t 

Straight  duct 

•n 

* 

y* 

0.314 

C-.83S 

.  .  j  .  _  _ _ .j 

G.930  |  0.930 

!  0.P55 

j  C.984 

Since  tho  velocity  di s trihut i on  is  of  considerable)  i im¬ 
portance  ,  especially  for  bends  in  front  of  carturo* or s , 
the  velocity  distributions  are  presented  in  figuror  ?  to  5. 

Fi-paros  0  to  18  r.r .  tho  nlots  of  the  total-pressure 
an’,  st.atic-prercuro  drops  acrocc  tho  *:itrar.co  duct  and  el¬ 
bow,  no  a  our  o'  -  t  th  ■  ram  , 


DISCTJSSI01T 


Tho  advantages  of  the  voll-r oundol  ccrnor  over  tho 
•  qua.ro  outer  corner  are  clearly  oh  ov*r.  in  table  I,  a.i.d  in  a 
Cougar i son  of  figure  Z  with  fi,ruro  3.  The  flow  coofficiont 
of  duct  A,  whici  is  about  10  percent  high or  than  that  of  any 
of  tho  squr.ro  outer  corner  bonds,  1b  conclusive  proof  of  tho 
lover  loss  of  ducts  of  typo  A  of  those  proportions.  Tho 
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velocity  and  pressure  distribution  aro  also  much  bettor 
for  duct  A  than  for  ducte  E,  C,  or  D.  — 

These  data  do  not  agroe  with  the  conclusions  arrived 
at  in  reference  1,  apparently  because  the  Invalid  assump- 
tion  was  mado  that  tho  loasos  of  the  two  elbows  would  main¬ 
tain  their  relative  values  whon  the  aspect  ratio  and  other 
proportions  wore  changed  from  those  tested.  ThiB  assumption 
need  not  be  true  as  the  loasos  of  tho  two  elbows  may  be 
entirely  different  in  nature  and,  thoreforo,  be  affoctod 
difforontly  by  the  duct  proportion.  Therefore,  although  tho 
elbow  with  squaro  outer  corner  was  found  hotter  at  low 
aspect  ratio  than  tho  well-rounded  corner  (roforonco  1), 
it  does  not  follow  that  tho  square  outer  cornor  was  also 
bettor  at  high  aspect  ratios. 

The  accelorating  ducts  B  to  K,  lnclusivo,  wero 
designed  with  tho  idea  of  improving  the  air  flow  by  croat ing 
a  favorable  prossuro  gradior.t  through  tho  elbow  by  acceler¬ 
ating  tho  air  as  it  rounds  tho  cornor.  Unf ortunatoly  tho 
losses  in  expanding  tho  air  back  to  tho  original  aroa  aro 
generally  groater  than  tho  docroaso  in  loss  through  tho 
bond. 


Bends  T  and  G  woro  attompts  to  ovorturn  tho  air  in 
order  to  roduco  tho  boundary  layer  or.  tho  insido  wall. 

(Seo  reference  2.  )  Bibow  &  succeeded  in  reducing  the 
boundary  layer  on  tho  inside  wall  ovan  below  that  of 
elbow  A,  but  tho  losses  wero  considerably  groater  than 
thoso  of  olbow  A.  Anothor  moans  of  roiucing  the  boundary- 
layer  thickness  on  the  insido  wall  and  making  the  flow  more 
noarly  symmetrical  was  to  make  the  whole  oxpansion  <>n 
tho  outsido  wall,  leaving  the  inner  wail  straight  aftor  the 
turn,.  Bibows  H,  I,  and  J  are  vorsions  of  this.  Elbow  J 
was  considerably  hotter  than  elbows  H  and  I.  This  olbow 
had  a  better  velocity  distribution  than  olbow  A,  with  only 
a  slightly  lowor  flow  coofficiont. 

Tho  characteristics  of  elbows  K  and  L  aro  not 
qulto  comparable  with  thoso  of  tho  other  olbows,  as  tho 
cross-soct ioaal  aroa  at  tho  ontranco  was  groator  than  that 
of  tho  others,  Slbow  L  is  actually  a  version  of  tho 
accelerating  elbow,  oxcopt  that  thoro  le  no  oxpansion  aftor 
tho  turn.  This  olbow  la  considerably  bettor  than  any  of 
the  othors  tested,  sinco  it  has  all  tho  advantagos  of  accol— 
eratod  turn  without  tho  disadvantage  of  an  expansion, 

Unf ortunatoly  this  typo  Is  seldom  practical,  as  It  roqulros 
a  reduction  in  tho  crosn-soctional  aroa  of  tho  duct  through 
tho  elbow. 
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Tho  olbowe  A,  J,  and  L,  which  v:oro  tho  best  of  thoBO 
tosbod,  arc  not  nocossarily  tho  host  olbows  that  can  bo 
aado.  Sovoral  chanson  can  bo  nado  on  elbow  A,  which 
would  incroaoo  tho  flow  officioncy.  Increasing  tho  radius 
has  boon  shown  tc  doeroaso  tho  loss  (roforonco  l).  Increas¬ 
ing  tho  aspoct  ration,  tho  width  divldod  by  tho  depth,  ha.o 
also  boon  found  to  dccroaoo  tho  lossos.  (See  references  2 
ani  3,  ) 

Tho  valuo  of  guido  vanos  in  ducts  of  thoso  propor¬ 
tions  is  doubtful,  sin co  tho  nr. in  valuo  of  guide  vr.no c  is 
in  bends  of  very  low  aspect  ratio  or  whoro  very  sharp 
bonds  are  roquirod.  V'hon  good  proportions  can  bo  used  in 
tho  olbov,  tho  lossos  nro  so  low  that  vory  littlo,  if  any¬ 
thing,  can  bo  Gained  by  the  ueo  of  guide  vanos. 


co:ccl*js:o::s 


1,  A  woll-roundcd  ol'oovr  with  aspect  ratio  of  2,57 
had  considerably  lowor  losses  and  bottor  velocity  distri¬ 
bution  thar  one  with  squ.aro  outer  cornors  of  tho  sane  pro¬ 
portions  . 

2,  An  accelerating  olbow  of  one  type  rosnltcd  in  a 
bottor  velocity  distribution  beyond  the  olbow  than  any  of 
tho  other  elbows  tooted  ha.ving  tho  sr.mo  ontranco  and  oxit 
duct  areas.  This  vac  accompnniod  by  only  a  very  slight 
incroaso  in  lose, 

3,  An  accolorating  elbow  having  a  smaller  exit  duct 
than  ontranco  duct  was  found  to  havo  tho  lowost  lossos  of 
any  tostod, 

4,  Although  the  so  t^stc  indicr.tod  that  certain  elbows 
woro  suporior  ac r ©dynamically  to  othors,  thoro  is  no  proof 
as  yet  that  they  will  provide  bettor  carburetor  oporat'.onal 
characteristics;  in  fact,  reports  to  the  contrary  a.re  prev¬ 
alent,  Tho  work  that  is  continuing  along  these  linos  should 
do  much  to  clarify  uany  unknowns  that  now  exist  in  tho  appli¬ 
cation  of  duct  design. 
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Stahc  pressure  drop, 


Figs .  10,11 


Figure  10.-  Pressure  distribution  across  duct  behind  Figure  11.-  Pressure  distribution  across  duct  behind 

elbow  D.  Pressure  drop  measured  at  qg  «•  6.96  elbo*  E  Pressure  drop  measured  at  •  6.96 

Inches  of  alcohol.  inches  of  alcohol 


i°uM-mBwa _ BPOMI  TO3IMfr»ai  Dig _ woumirfoo  oooOuptq 


